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SUMMARY
The effects of part, age and species of plant and some soil characteristics on the
relationships between (a) sum of the cations (S cations)-% total N and (6) ratio of sum of
the cations sum of the anions (R)-°/o organic N relationships in crops were tested in
four experiments in the glasshouse. Crops were grown in soil and given four or five
amounts of N03-N and sometimes a uniform dressing of other nutrients.
Results confirmed that there was a positive linear relationship between S cations
in plants and their % total N when N03-N was supplied and the proportions of cations
and anions entering roots from the soil solution (R values) were not constant but were
in some way related to the elaborated nitrogen status of the plant, suggesting they
may be linked with nitrogen metabolism. The cation-anion relationships were of the
same general type regardless of the part of the plant that was analysed, its age or
species, or of the type of soil in which it was grown. Analysis of leaves adequately
reflects relationships in whole plants. Although the relationships had the same form
with all species, dicotyledons had greater £ cations and R values than monocotyledons
at equal % total N and organic N respectively. Within the group of relationship curves
obtained with different soils, at equal % total and organic N, 2 cations and R values
were greater in grass grown in alkaline than in acid soil. Soil properties that affect
the proportions of NH4-N and N03-N presented to plant roots probably have an
important influence on the relationships. These cation—anion relationships in crops
were not changed when yields varied greatly.
Previous work with Italian ryograss (Lolium were based largely on work done with Italian rye-
muUijlorum) showed (a) that the sum of the cations grass. In most of the experiments cation-anion
(2 cations) depended on % total N in the grass relationships were studied in grass tops grown
(Cunningham, 1964a, Cunningham & Karim, 1965) either in the glasshouse for 4-7 weeks or in the field
and (6) that the ratio of cations: sum of the anions for periods ranging from a few weeks to a few
(£ cations: S anions = -B) was negatively corre- months. Also all glasshouse experiments were done
lated with % total N (Cunningham, 19646, Cun- using a clay loam derived from Clay-with-Flints
ningham & Karim, 1965) and, more closely with and obtained from Great Field IV at Rothamsted,
% organic N (Cunningham & Nielsen, 1965). whereas in field experiments, grass was grown on
Cunningham & Nielsen (1965) also found that these twenty soils in Britain. This meant that, in none
relationships were influenced by factors such as of the experiments was it possible to assess with
light intensity, soil temperature and soil water certainty the effects of age, part and species of
tension but seemingly not by the yield of grass, plant or of different soils on cation-anion relation-
A plant mechanism was proposed that regulates ship; the experiments reported here were done in
the proportions of cations and anions entering the glasshouse to test how these factors affected
roots from the soil solution and depends on the the relationships,
elaborated nitrogen in the plant.
Although the B values, foundI in sixty-two ran- MATERIALS AND METHODS
domly selected agricultural and horticultural crops
and pasture herbs, led Cunningham (1964c) to In all the experiments, nitrogen was given ex-
propose that these concepts may also apply to clusively as nitrate because form of N influences
plant species other than grass, these conclusions both 2 eations-% total N and R-% organic N
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relationships (Cunningham, 19646, Cunningham &
Nielsen, 1965); uniform P, S. K, Ca and Mg
(Cunningham & Nielsen, 1965) were added in all
experiments except the one with different soils.
Pots contained 1-5 kg air-dried soil mixed with
0-5 kg coarse quartz and crops were grown from
April until June 1964 at 100% 'glasshouse day-
light', glasshouse temperature and with soil water
to keep it at 'field capacity'. The top soil of a clay
loam from Great Field IV, Rothamsted, Batcombe
series (see Table 2), and Italian ryegrass (Lolium
mulliflorum), S. 22, were used in all experiments
except where otherwise stated. Each treatment had
three replicates. Each cut of plant material was
weighed wet and dry, ground and analysed for
Na, K, Ca, Mg, P, Cl, S and total N (Cunningham,
1964a, Salt, 1966; Rawson, 1966); inorganic N
in plants was determined by methods given by
Nowakowski, Cunningham & Nielsen (1965).
Part of plant experiment. Six amounts of NO3-N
(0, 50, 100 to 400 ppm) and uniform amounts of
other nutrients were given to the ryegrass. After
5 weeks, samples of tops, roots and whole plant
were taken. Tops were cut at the soil surface and
roots were washed free from soil and quartz with
water.
Age experiment. Italian ryegrass, given when
sown 150 ppm N03-N along with a uniform appli-
cation of other nutrients, was grown for several
weeks. Tops of the grass were cut just above the
soil surface in different pots to give 2-, 3-, 4-, 5-,
6- and 7-week-old samples; grass in twelve pots
was cut to give three of the youngest samples but
only three pots were required to produce three of
the oldest samples.
Plant species experiment. Ten crops, the five
monocotyledons and 5 dicotyledons in Table 1,
were grown for 5 weeks in the same soil with five
amounts of N03-N (0, 50, 100, 150 and 200 ppm)
and uniform other nutrients. Each crop was cut
just above the soil surface.
Experiments with different soils. Ryegrass was
Table 1. Crop species
Crop Species
Monocotyledons
Italian ryegrass Lolium multiflorum
Wheat Triticum aestivum
Barley Hordeum vidgare
Oat Avena saliva
Maize Zea mays
Dicotyledons
Potato Solanum tuberosum
Sugar beet Beta vulgaris subsp. vulgaris
Broad bean Viciafaba
Kale Brassica oleracea var. acephala
Tomato Lycopersicon esculentum
grown for 6 weeks in ten different soils with five
amounts of N (0, 50, 100, 150 and 200 ppm as
calcium nitrate) but no other nutrients. These
surface soils (Table 2), ranging in texture from
heavy clay to loamy sand, in reaction from very
acid to distinctly alkaline and having from less
than 2 to more than 4% organic matter, were
described by Thomasson & Avery (1963) and
Avery (1964).
Element concentrations in the plant material
were expressed in milliequivalents (m-equiv) per
100 g oven-dry material. The expressions, 'sum of
the cations' (Na + K + Ca + Mg in m-equiv/lOOg
oven-dry matter) and 'sum of the anions' (N + P +
Cl + S in m-equiv/100 g oven-dry matter), and the
ratio 'sum of the cations:sum of the anions' were
abbreviated to S cations, 2 anions and R respec-
tively. In all four experiments, N was supplied as
nitrate and therefore it was assumed to enter
plants only as the anion. Organic N in the crops
was calculated by subtracting inorganic N from
total N.
RESULTS AND DISCUSSION
Yields
The effects of six amounts of N03-N on the dry
weight of tops, roots and whole plant of Italian
ryegrass are shown in Fig. 1. Yield of roots became
greater as applied N increased from 0 to 200 ppm
and thereafter steadily declined. Weight of tops
and whole plants followed a similar pattern but
most tops were with about 250 ppm added N.
Without added N, weights of roots and tops were
similar; at maximum yield of each, tops weighed
almost three times as much as roots and, with
500 ppm N, tops were five times heavier than roots.
Fig. 2 shows how the dry weight of grass tops
increased with age; 2 weeks after sowing, the mean
yield per pot was 0-4 g, whereas 5 weeks later it
was 16-5 g.
The dry weights of tops of the ten different crops
at five levels of applied N03-N are given from left
to right in Fig. 3 (a) in order of decreasing mean
yield per pot. All crops, except broad bean, had
their smallest yield without nitrogen and their
maximum yield with from 50 to 150 ppm added N;
invariably, at the greater amounts of applied N,
yields decreased. The legume's yield was largest
without added nitrogen and then diminished as
the amount of applied N increased.
Fig. 3(6) gives in order of decreasing mean yield
per pot the dry weights of ryegrass grown on ten
different soils at five amounts of added nitrate.
On all soils, except Batcombe and Oak series
(woodland), the grass grew better with increasing
amounts of nitrogen, reached a maximum yield
and then decreased with large amounts of nitrogen.
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15r-
100 200 300 400
Added NO3-N (ppm)
500
Pig. 1. Effects of six amounts of nitrate-N on yield of
tops, roots and whole plant of Italian ryegrass.
roots; x — x , tops; O—O. whole plant.
1 2 3 4 S 6 7
Weeks after sowing
Fig. 2. Effect of age on yield of ryegrass.
Yields on the Batcombe series increased with each
increment of added N and, at 200 ppm N, maximum
yield had not been attained. However, grass grew
poorly on the very acid Oak series with all amounts
of N, probably because this soil had extremely
small amounts of soluble phosphate and ex-
changeable cations; none of the treatments on this
soil produced enough grass to be able to determine
all the elements needed for calculating R values.
With 200 ppm N the Bedford soil series did not
produce enough plant material for analysis.
The effects of part, age and species of plant
and some soil characteristics
(a) Relationship between 2 cations and % total N
The relationships between 2 cations and % total
N in the roots, tops and whole plant of ryegras
are shown in Fig. 4 (a) and confirm (Cunningham,
1964a, Cunningham & Karim, 1965, Cunningham &
Nielsen, 1965) that S cations increased with in-
creasing % total N when N03-N was given. In this
experiment, the three distinct linear relationships,
obtained in roots, tops and whole plant, may have
arisen because cations and nitrogen were distri-
buted differently in roots and tops of ryegrass or
because some elements, such as N (as NO3~) and
K, were removed from the roots when they were
washed with water. Nevertheless, the relationships
between 2 cations and % total N were similar
irrespective of part of plant and that, obtained in
tops, reflected fairly well the relationship in the
whole plant.
Fig. 4(6) shows the relationship found when
£ cations and % total N were measured in tops of
ryegrass at different ages. Clearly, as the plants
grew older, their % total N and £ cations became
smaller. However, once again a linear relationship
was obtained between 2 cations and % total N,
similar to that when grass tops of the same age
contained increasing amounts of N (see Fig. 4 a).
A group of linear relationships resulted when 2
cations and % total N examined in the ten crops
grown on the same soil with five amounts of N;
each species had its own relationship. In all ten
crops 2 cations were positively correlated with %
total N and the mean relationship between these
two terms is given in Fig. 4(c). The group of linear
relationships had two distinct subgroups, one con-
taining monocotyledons and the other dicotyledons.
Fig. 4(c) also shows the mean 2 cations-% total N
relationship for five monocotyledons and for five
dicotyledons; at equal % total N, dicotyledons
had greater 2 cations values than monocotyledons.
Apparently, the positive linear correlation between
2 cations and % total N, already found in Italian
ryegrass, also held in. other crop species.
The 2 cations - % total N relationships of
Italian ryegrass grown on nine soils (one soil did
not produce enough plant material), resembled
those found in previous experiments, but again
a group of linear relationships was obtained, a
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Wicken
(5-6)
Kale
(4-5)
Batcombe
(54)
-K+ -F-+
Tomato
(4-4)
•H-H-
Hatfield
(4-9)
\
-K-f
Beet
(4-3)
J-P+
Coombe
(4-1)
\
Wheat Barley
(4-3) (3-6)
A
H-H-
Icknield
(3-7)
Cottcnham
(3-4)
H-H-
Oat
(35)
+H-Bedford
(2-4)
Maize
(3-2)
Oak,
wood
(0-4)
M l " !
100 200 100200 100 200 100200 100 200 100200 100200 100 200 100200 100 200
Added N03-N
Fig. 3. Effects of five amounts of nitrate-N (a) on yields of ten crops grown in a soil of the Batcombe
series and (6) on yields of Italian ryegrass grown in ten soils. Mean yields (g/pot) are given in parentheses.
distinct relationship for each soil. Fig. 4(d) shows
the mean £ cations-% total N relationship obtained
when grass was grown on nine soils. In this experi-
ment, the importance of the various soil character-
istics was difficult to assess, but pH seemed to be
one property separating one relationship from the
other. Fig. 4(d) also gives the S cations-% total N
relationships obtained in grass grown on the Wicken
series (pH 7-8) and Bedford series (pH 4-9); at
equal % total N, 2 cations were greater in grass
grown in alkaline soil than in grass grown in acid
soil. Although the S cations - % total N relation-
ship in ryegrass was obviously influenced by dif-
ferent soils, it remained basically the same as
before with 2 cations increasing as % total N
became greater.
(6) Belationship between R and % organic N
The difficulties that can arise when R values are
determined (Cunningham & Nielsen, 1965) were
avoided in this series of experiments because nitro-
gen was given as nitrate and therefore entered
plants as the anion.
Fig. 5 (a) gives the curves obtained for roots,
tops and whole plant of ryegrass by plotting R
values against % organic N; as in previous work
(Cunningham & Nielsen, 1965), R was negatively
correlated with % organic N. Although there were
three distinct relationships for each part of the
grass, the form of each curve was similar. Different
distribution of elements in tops and roots and loss
of some elements from roots by washing could
explain the differences. However, the R-% organic
N relationship curves for tops and whole plant in
Fig. 5 (a) are sufficiently alike to conclude that
such relationships in a whole plant can be reason-
ably estimated by examining those in plant tops.
When grass, given a fixed amount of nitrate, was
sampled at different ages, its R and % organic N
values gave the relationship shown in Fig. 5(6);
R decreased as % organic N increased, as previously
reported. Fig. 5(6) also shows that R values became
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Fig. 4. The relationships between £ cations and % total N (a) in different parts of grass, (6) as affected
by age of grass, (c) in ten plant species grown in one soil and (d) in grass grown in nine soils, (a) 9—#.
roots; x — x, tops; O—O. whole plant, (c) • — • mean five dicotyledons; x — x, mean five mono-
cotyledons ; O~O, mean ten plant species, (d) •—•, alkaline soil; x — x , acid soil; O—O mean nine soils.
greater and % organic N lessened with age, but
the relationship between these two measurements
was the same as that found previously (Cunning-
ham & Nielsen, 1965). Seemingly, there were two
ways in which a range of R and % organic N
values could be obtained in a plant. Either a fixed
amount of nitrogen can be supplied and plants
sampled at different ages or plants of the same age
can be sampled after being given different amounts
of nitrogen. Both methods gave similar R-%
organic N relationship curves.
Each of the ten crop species tested had a separate
R-% organic N curve but all were shaped the same
as that consistently found with Italian ryegrass;
the mean relationship is in Fig. 5(c). The group of
relationship curves consisted of two definite sub-
groups, monocotyledons (ryegrass, wheat, barley,
oat and maize) and dicotyledons (potato, broad
bean, sugar beet, kale and tomato); the mean
R-% organic N relationship for each subgroup is
plotted in Fig. 5 (c) which shows that, at equal %
organic N, dicotyledons have much larger R values
than monocotyledons. These results suggest that
the -R-% organic N relationship found in Italian
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0-95
085
075
0-65
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% organic N
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- 0-90
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Fig. 5. The relationships between R and % organic N (a) in different parts of grass, (6) as affected by
age of grass, (c) in ten plant species grown on one soil and (d) in grass grown in nine soils, (a)
• — • , roots; x—, tops; O—O, whole plant, (c) • — • ; mean five dicotyledons; x — x, mean five
monocotyledons; O—O, mean ten species, (d) • — • , alkaline soil; x — x , acid soil; O—O, mean nine
soils.
ryegrass holds good in other plant species and
confirm (Cunningham, 1964c) that the relationship
curves for monocotyledons and dicotyledons fall
into two distinct groups.
In the experiment with Italian ryegrass grown
on nine different soils, a group of R-% organic N
relationship curves resulted, one for each soil type.
These relationship curves had the same form as
that obtained previously when ryegrass was grown
in the clay loam from Great Field IV at Rotham-
sted (Batcombe series) and their mean is given in
Fig. 5(d). Deciding which soil characteristics had
the greatest influence on R-% organic N relation-
ships was difficult in this experiment but the curves
seemed to be grouped according to the pH of the
soil. Fig. 5{d) shows two relationhip curves for
Wicken series (pH 7-8) and Bedford series (pH 4-9);
at equal % organic N, R values in ryegrass were
greater in alkaline than in acid soils. Other work
(Cunningham, 19646; Cunningham & Karim, 1965;
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Cunningham & Nielsen, 1965) showed how form
of nitrogen can affect R-% organic N relationships
and perhaps those soil properties which decided
the proportions of NH4-N and NO3-N presented
by the soil to the plant roots were most important.
Effect of yield on cation-anion relationships
Comparing the yield curves in Figs. 1-3 with
their corresponding 2 cations - % total N (Fig. 4)
and R-% organic N (Fig. 5) relationship curves,
confirmed the claim of Cunningham & Nielsen
(1965) that cation-anion relationships were not
altered even when yield varied greatly.
I thank P. D. Salt, F. G. Hamlyn and R. A. C.
Rawson for analysing the plants from three ex-
periments.
REFERENCES
AVBRY, B. W. (1964). The soils and land-use of the
district around Aylesbury and Hemel Hempstead
(Sheet 238). A.R.C. Memoirs of the Soil Survey of
Great Britain, England and Wales. H.M.S.O.
London.
CUNNINGHAM, K. K. (1964a). Cation-anion relationships
in crop nutrition. I. Factors affecting cations in
Italian ryegrass. J. agric. Sd., Camb. 63, 97—102.
CUNNINGHAM, K. K. (19646). Cation-anion relationships
in crop nutrition. II. Factors affecting the ratios of
sum of the cations: sum of the anions in Italian
ryegrass. J. agric. Sci., Camb. 63, 103-8.
CUNNINGHAM, R. K. (1964C). Cation-anion relationships
in crop nutrition. III. Relationships between the
ratios of sum of the cations : sum of the anions and
nitrogen concentrations in several plant species. J.
agric. Sci., Camb. 63, 109-11.
CUNNINGHAM, R. K. & KAEIM, A. (1965). Cation-anion
relationships in crop nutrition. IV. Maximum con-
tents of cations and anions in Italian ryegrass. J.
agric. Sci., Camb. 64, 229-33.
CUNNINGHAM, R. K. & NIELSEN, K. (1965). Cation-
anion relationships in crop nutrition. V. The effects
of soil temperature, light intensity and soil-water
tension. J. agric. Sci., Camb. 64, 379-86.
GASSEB, J. K. R. (1961). Soil Nitrogen. VI. Correlations
between laboratory measurements of soil mineral-N
and crop yields and responses in pot and field experi-
ments. J. Sci. Fd Agric. 12, 562-73.
NOWAKOWSKI, T. Z., CUNNINGHAM, R. K. & NIELSEN,
K. F. (1965). Nitrogen fractions and soluble carbo-
hydrates in Italian ryegrass 1. Effects of soil tempera-
ture, form and level of nitrogen. J. Sci. Fd Agric. 16,
124-34.
RAWSON, R. A. G. (1966). Rep. Rothamsted exp. Stn
for 1965, p. 68.
SALT, P. D. (1966). Rep. Rothamsted exp. Stn for 1965,
p. 67-8.
THOMASSON, A. T. & AVBBY, B. W. (1963). XLIV The
soils of Hertfordshire. Transactions Hertfordshire
Natural History Society 25, Part 6, 247-63.
https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0021859600012533
Downloaded from https://www.cambridge.org/core. BBSRC, on 01 Nov 2019 at 09:22:51, subject to the Cambridge Core terms of use, available at
